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0 Machine dishwashing detergent tablets. 
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0 A nnultilayor detergent tablet containing an outer layer, a barrier layer and an inner layer. The tablet releases 
sequentially ingredients contained in the outer layer and ingredients contained in the inner layer. The time 
interval between the release of the outer layer ingredients and the release of the inner layer ingredients is 
controlled by the particular choice of an ingredient for the barrier layer and the relative thicknesses of the inner 
layer, the barrier layer and the outer layer. The tablet is able to separate in time the dissolutipn of incompatible 
ingredients such as an enzyme and a chlorine bleach. The tablet also provides sequential release of a 
dishwashing composition and a rinse aid composition such that cleaning is accomplished prior to the release of 
the rinse aid. 

FIG.2 
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FIELD OF THE INVENTION 



The present invention concerns machine dishwashing detergent tablets. More particularly, the invention 
relates to machine dishwashing detergent tablets which release various ingredients sequentially The 
5 invention also relates to methods of dishwashing by the use of the tablets. 

BACKGROUND OF THE INVENTION 



Tablets have been extensively used in a field which is not related to detergent or dishwashing detergent 
10 arts, namely, in a field of medicine. In addition to producing uniform tablets, pharmaceutical industry has 
attempted to solve a problem of incorporating two substances which are incompatible with one another in 
the same tablet. In some cases, it is desired that a medicinal tablet release the same or different actives at 
successive times. A tablet for pharmaceutical use which is able to release an active substance at 
successive times is disclosed by Conte et al., U.S. Patent 4.865.849. The tablet of the Conte et al patent is 
/5 said to be particularly suitable in medicinal field but generally usable in all sectors in which active 
substances have to be released at different times spaced apart by a predetermined time interval such as in 
the fertilizer, herbicide and other sectors. 

The tablet of Conte et al. includes a first layer containing a portion of the active substance and suitable 
excipients, a barrier layer of polymer material, and a third layer containing the remaining portion of active 
20 substance or another active substance. The barrier layer and the third layer are housed in a casing For the 
barrier layer, polymers are used which are gellable and/or soluble on contact with water or aqueous fluids 
The polymers for the barrier layer of the tablet disclosed by Conte et al. are chosen from cellulose 
derivatives such as hydroxypropylmethylcellulose. methylcellulose or polyvinylalcohols of various molecular 
weights. For the casing, water-insoluble materials are preferably used, but in certain embodiments polymers 
25 soluble m an alkaline environment can be used to facilitate destruction of the casing when in the enteric 
tract. 

A multistage release pharmaceutical tablet having a structure similar to the tablet disclosed by Conte et 
al. IS described in Great Britain patent application 1 ,346,609. 

The structure of the tablet disclosed by the Conte et al. patent and the '609 reference differs from a 

30 structure of a tablet taught by the present invention. In the tablet disclosed by Conte et al. and by the '609 
reference, the first and the third layer each contact only one side of a barrier layer. Consequently all layers 
of the tablet disclosed by the Conte et al. patent and the '609 reference would be exposed to water 
simultaneously and the tablet requires an additional, fourth layer which is needed to encase-the barrier layer 
and the third layer. By contrast, in the tablet of the present invention an outer layer encloses a barrier layer 

35 on all sides, and the barrier layer, in turn, encloses an inner layer on all sides. 

Although the tablet of the Conte et al. patent is said to be suitable for use in fields other than medicinal 
field, the Conte et al. patent and the '609 reference neither mention dishwashing nor disclose problems of 
providing sequential release under conditions of machine dishwashing cleaning which include high agitation 
high temperature, highly alkaline cleaning environment and a strict time cycle program. 

40 In this regard, it should be noted that while a sequential release is a feature of some medicinal tablets 
and the dishwashing detergent tablet of the present invention, the chemical composition and physical 
characteristics of the two tablets are so different, the release time program and the environment of 
dissolution are so diverse, and the principles and skills required in formulating the two tablets are so 
distinct, that it is difficult to extend the teachings in one of the arts to the other. 

45 In the dishwashing and detergent arts, cleaning compositions in tablet form have been described for 
example, in U.S. Patent 3.318.817 to Smith, in U.S. Patent 3.329.615 to Cooper et al.. U.S. Patent 3 344 076 
to Wilcox. U.S. Patent 3.417,024 to Goldwasser. U.S. Patent 3.390.092 to Keast et al., U.S. Patent 3'488'420 
to Keast et al.. U.S. Patent 4,219.435 to Biard et al.. U.S. Patent 4.219,436 to Gromer. and U.S. Patent 
4,587,031 to Kruse et al.. the '092. '435. '436 and '031 patents being directed particularly to dishwashing 

50 tablets. It has been disclosed that the use of detergent tablets may be advantageous, since the tablets are 
nondusting. do not require measuring, take less space because they are compressed, and ingredients of 
the tablets do not segregate on storage. However, all of the above cited patents disclose tablets which are 
uniform in composition and there remain dishwashing formulation problems which have not been addressed 
by these patents. Among the unsolved problems is a problem of incompatibility of various dishwashing 

55 detergent ingredients. 

For example, it has been found that it is jsarticularly beneficial to include both an enzyme and a chlorine 
bleach in order to achieve better cleaning of dishware. Unfortunately, enzymes are deactivated in the 
presence of the chlorine bleach, during storage and in an aqueous cleaning solution formed in a 
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dishwashing machine. Enzyme-containing dishwashing compositions are generally formulated with oxygen 
bleaches, such as perborate, in place of chlorine. However, it has been found that dish cleaning 
performance of oxygen bleaches is far inferior to dish cleaning performance of chlorine bleaches. Other 
examples of incompatible ingredients include surfactants, dyes and perfumes all of which, unless specially 
5 selected, are incompatible with chlorine. 

EIrich. U.S. Patent 4.099.912 and EIrich, U.S. Patent 4.253.842 disclose that components of detergent 
compositions can be separately tableted. It is evident that such separately tableted formulations make it 
necessary for a consumer to purchase a large number of different tablets in order to arrive at a complete 
effective formulation. Additionally, unless various incompatible components are introduced into a dishwash- 

10 . ing machine as separate tablets at successive time intervals (which would be extremely inconvenient), there 
still exists the problem of deactivation of the incompatible components in an aqueous cleaning environment 
of a dishwashing machine once the tablets have been dissolved. 

U.S. Patent 4,839,078 to Kruse et al. discloses detergent tablets having a uniform composition and a 
broad solubility profile: at least 10% of the tablet is dissolved in only the prerinse cycle by the cold water 

75 flowing In, and at least 65%, preferably at least 70%, by weight of the tablet is available for the main wash 
cycle due to its good solubility in warm water. The tablet of Kruse et al. contains alkaline-reacting 
components such as alkali metal metasilicates and penta-alkali metal triphosphates, active chlorine com- 
pounds and tableting aids. 

Jeschke et al., U.S. Patent 4,828,745, Kruse et al, U.S. Patent 4,828,749 and Kruse et al., U.S. Patent 

20 4,913,832 disclose multilayer dishwashing tablets which are suitable for simultaneous use in the, pre-rinse t 
cycle and in the main wash cycle of dishwashing machines. The '745 patent discloses a block-form .jt 
detergent which includes two or more differently acting layers fused to each other. The first layer is cold 
water soluble and the second layer is warm water soluble. The '745 patent mentions that the layer formation 
disclosed therein may be used for the separation of incompatible components. The '749 patent discloses a 

25 multilayer detergent tablet similar to the block-form detergent of the '745 patent. The first layer is cold water 
soluble and includes a nonionic surfactant. The second layer is warm water soluble and includes an active 
chlorine compound. The '832 patent discloses a two-layer compact which may contain chlorine and 
nonionic surfactant provided that they are incorporated into different layers. 

A serious shortcoming of the tablets disclosed in the Kruse et al. '078 patent, the Jeschke et al. '745 

30 patent and the Kruse et al. '749 and '832 patents is that during storage incompatible ingredients are still in 

contact with each other in a border area, where two layers meet. An even more important shortcoming of 4 
the tablets disclosed in these patents is that it is not possible to provide a separate release of incompatible :i 
ingredients during the same cycle of dishwashing cleaning or during different cycles occurring at the same 
water temperature: both layers of the tablets are exposed to water simultaneously and, unless water 

35 temperature is different, dissolution of both layers occurs at the same time. Thus, if the first layer were to 
include an enzyme and the second layer were to include a chlorine bleach, the enzyme and the chlorine 
bleach would be dissolving at the same time. As a result, the enzyme would be deactivated by the chlorine 
bleach before-the enzyme has had time to perfomn its cleaning function. 

Femholz et al., U.S. Patent 4,569,780 and Fernholz et al., U.S. Patent 4.569,781 describe a process for 

40 preparing a solid castdetergent, and a solid cast detergent produced by the process. Fernholz et al. 
disclose that the cast detergent article can be designed or structured to minimize chlorine stability and 
differential solubility problems, e.g. by including the chlorine source and/or the defoamer as preformed 
plugs or cores encased in the cast detergent composition. The cast detergent Is surrounded on all but one 
surface by a disposable mold in which it was formed. To minimize reactivity between the base detergent 

45 and any material added as preformed plugs, the core material may be optionally enceised in a film which 
would not react with the core material or the detergent base. The film materials disclosed are a natural wax. 
a synthetic wax. a phosphate ester, or the like. Examples 4 and 6 of the Fernholz et aL patents are cast 
detergent articles containing chlorine and/or defoamer plugs and Example 13 describes improved storage 
stability of the cast detergent articles containing the plugs. 

50 Although storage stability of the cast detergents containing incompatible ingredients disclosed by 
Fernholz et al. can be achieved by separating the incompatible ingredients, dissolution of the incompatible 
ingredients Is not separated in time. Fernholz et al. disclose that In use water impinges on the exposed 
surface of the plug material and the detergent base; the base detergent and the plug material dissolve at 
substantially the same rate so that a constant ratio of components can be maintained during use. 

55 Thus, in formulating automatic dishwashing detergent tablets, it has been necessary to avoid a co- 
presence of various incompatible ingredients (such as a chlorine bleach and an enzyme) which deactivate 
each other in use. At best, the ingredients have been selected which are more compatible but not as 
efficient with regard to performance or cost as desired. It should be emphasized that merely separating 
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ii;rinn''!?'%'"^'^'^'^"'' ""w""^ essential that dissolution of 

he ingredients .s separated .n time so that during use sufficient time is allowed for one of the ingredirnte 

i^^ivTs^ LC^"^ ^ - --nrXh 

In addition to the incompatibility problems, dishwashing tablets which are able to release seauentiallv 

ZZ^IT" T""' "^^'^^ '^"^ ^--P'^- been eSlished thaTa 

nnse aid greatly improves appearance of dishes and glasses by decreasing the amount of spottinq and 
i ming and improving the shining of dishes and glasses. Heretofore, it has been necessary to i rduce'e 
nnse aid in a dishwashing machine separately from a dishwashing detergent, which is inconvenient and 
requires a separate purchase by a consumer. Moreover, many consumers are not yet aware of benefS 
rTnse aS H t • T «"*'^«'V By incorp^ argte 

ln,. r«H tK rT'' ' ^"^ '"^'"^ ^^'^^^^^ ""'V '^^^ final rinse, hcould be 

bj a con^^Jer '^P^^'^"^^ ^ for a separate use or purchase of the rinse aid 

Accordingly it is an object of the present invention to provide a dishwashing detergent tablet which 
delivers convenience and improved cleaning performance in addition to improved storage lability 

It IS another object of the present invention to provide a dishwashing detergent tablet which releases 
sequentially ingredients contained therein. releases 

hnth'Vn °' t^'® P^«s«"< '"v«"tion to provide a dishwashing detergent tablet which contains 

both an enzyme and a chlorine bleach. 

an llirJ °' P'^^^"* ^° ^ dishwashing detergent tablet which releases 

an enzyme pnor to a release of a chlorine bleach, and which releases the chlorine bleach after the enzyme 

machine '"^^'"^ ^" ^''"^"^ ^='^^'"9 «"^'^°"'"ent of a dishwashing 

contain'; hnJI, r??h ' object of the present Invention to provide a dishwashing detergent tablet which 
dishwashing detergent composition and a rinse aid and which releases the rinse aid after 
detergent cleaning has been accomplished. 

tablets' di?ctosed*iIJIei!?^^'^ °* *° methods of dishwashing by the use of the 

Other objects and advantages will appear as the description proceeds. 
SUr/IMARY OF THE INVENTION 

ri ^J^^y^^^'T^"^ °' ^""''^ ""^"^^ '"^®"«°" includes a machine 

35 dishwashing detergent tablet containing at least: 

a) an inner layer; 

b) a barrier layer surrounding the inner layer; and 

c) an outer layer surrounding the barrier layer. 

It should be understood that a tablet containing any number of inner layers each surrounded by its own 
40 barrier layer is within the scope of the instant invention. 

♦ K. ?®< lu*^ °* ingredients in the inner layer, the barrier layer and the cuter layer is such that the 

tablet of the present invention contains about 10% to about 99% of a builder, and an amount of an alkaline 
source sufficient to provide a pH of a 0.1% solution by weight of the tablet of greater than about 9.0 during 
a dishwashing cycle of a dishwashing machine. ^ 
In the tablet according to the present invention, the inner layer is enclosed on all sides by the barrier 
layer and the barrier layer is enclosed on ail sides by the outer layer. 

When the tablet of the present invention comes into contact with an aqueous environment of a 
dishwashing machine, the only layer of the tablet available for dissolving is the outer layer. The barrier layer 
of the tablet comes into contact with the aqueous environment only after the outer layer has dissolved The 
inner layer of the tablet comes into contact with the aqueous cleaning environment of the dishwashing 
machine only after both the outer layer and the barrier layer have dissolved or disintegrated 

The term "sequential release" as used herein means that the dissolution of the outer layer and the 
dissolution of the inner layer are separated in time. The sequential release is an essential property of the 
dishwashing tablet of the present invention. The time interval between dissolution of the outer layer and the 
dissolution of the inner layer depend on the particular embodiment of the invention and is generally from 
about 1 to about 53 minutes. ^ ^ 

All layers of the inventive tablet must disintegrate in an aqueous cleaning environment of a dishwashing 
machine by the end of a dishwashing session. Although it is not necessary that each ingredient of the tablet 
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described herein is water soluble, all layers of the tablet must dissolve, disperse, disintegrate or become 
dissipated in the aqueous cleaning environment of the dishwashing machine, so that no structural elements 
of the tablet remain in the dishwashing machine at the end of the dishwashing session. 

Primarily, the sequentiar release property and other properties discussed above are attained in the 
5 tablet of the present invention by the particular choice of an ingredient for the barrier layer, the ingredient 
having a suitable disintegration rate at a temperature in the range of about 100*F to about 160'F, in an 
aqueous cleaning environment of a dishwashing machine to provide the desired sequential release in the 
inventive tablet. 

Examples of suitable ingredients for the barrier layer of the inventive tablet include but are not limited to 
10 water-soluble polymers, water-swel table polymers, soaps, fatty acids and waxes or mixtures thereof. 

The relative thicknesses of the inner layer, the barrier layer and the outer layer also influence the 
disintegration rate of the tablet. Furthermore, the relative thicknesses of the inner layer, the barrier layer and 
the outer layer must also be such as to accommodate the ingredients of the tablet which are distributed 
between the inner layer, the barrier layer and the outer layer. 
75 In one preferred tablet of the present invention (Tablet A, described in greater detail below) the outer 
layer of the tablet includes an enzyme, and the inner layer includes a source of chlorine bleach. The tablet 
provides an improved storage stability by accommodating the enzyme and the chlorine bleach in different 
layers separated by the barrier layer. Moreover, the dissolution of the enzyme and the dissolution of the 
chlorine bleach are separated in time. Thus, the tablet of the present invention releases the enzyme and 
20 affords suffrcient time for the enzyme to perform its cleaning function prior to the release of the chlorine 
bleach. 

In another preferred tablet of the present invention (Tablet B, described in greater detail below) the 
outer layer of the tablet contains a dishwashing composition, preferably including either a chlorine bleach or 
an enzyme, and the inner layer of the tablet contains a rinse aid. Thus, the tablet of the invention releases 
25 the dishwashing composition and affords sufficient time for accomplishing dishwashing prior to a release of 
the rinse aid. 

The present invention also provides a method of dishwashing which includes placing a tablet of the 
present Invention in a dishwashing machine, preferably in a dispenser of the dishwashing machine. A 
particulariy preferred method of dishwashing according to the present invention includes placing the first 
30 tablet of the present invention (preferably Tablet A) in a prewash dispenser of the dishwashing machine and 
placing the second tablet of the present invention (preferably Tablet B) in a main wash dispenser of the 
dishwashing machine. 

The invention also provides a method of treating dishware with detergent and rinse aid by placing in a 
dishwashing machine the tablet of the present invention, the inner layer of the tablet containing a rinse aid 
35 formulation. 

The tablet of the present invention is particularly suitable for dishwashing in domestic dishwashing 
machines but may also be used in institutional dishwashing machines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

FIG. 1 is a perspective view of a dishwashing detergent tablet according to a preferred embodiment of 
the present invention, 

FIG. 2 is a cross-sectional view from above taken along lines 2 - 2 of FIG. 1. 

FIG. 3 is a cross-sectional view from the side taken along lines 3 - 3 of FIG. 1. 
45 FIG. 4 is a graph comparing dissolution rates of various compressed polymer compositions at 110* F in 
a beaker. 

FIG. 5 is a graph comparing dissolution rates of various compressed polymer compositions at 140" F in 
a tweaker. 

FIG. 6 is a graph comparing dissolution rates of various compressed polymer compositions at 130' F in 
50 a dishwashing machine. 

FIG. 7 is a bar graph illustrating improved starch soil removal accomplished by a preferred tablet of the 
invention containing an enzyme and a source of chlorine bleach, compared to starch soil removal of a 
commercial granular dishwashing detergent lacking an enzyme and to starch soil removal of a tablet not 
capable of sequential release. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 2 and FIG. 3, the tablet of the present invention includes an outer layer 10. a barrier 
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like shape. Preferred cylindrical tablets of thi, ilt f J ^ °* ^''^ invention are of cylindrical disc- 
preferably from about 28 o ablt If^^ « f '-m about 26 to about 36 mm. 
about 16 to about 22 mm ^'""^ ^^""^ <° about 24 mm, preferably from 

'° disp™%isr^b1;\T^^^^^^^^^^ ^^'^'^"'^^'^ ^ P-asb or a main was. 

macS^iLr n*^^ — - 

dispensers, particularly preferred Setrofthe i^ ^ °' ^"'^^""^ dishwashing 

maximum thickness of about 19mm. ^ max.mum diameter of about 31 mm and a 

be Jee: b^^^^^^^^ ir -V be distributed in various ways 

same as or different from the ing'^ t^e TnlT^r °' '"^^ ''^ 

The^r^ J,r":i:sr;r;?^ r°r^ - P---* invention is . buHder, . 

ions (usually calcium an^ magnS) "m ^^^^^^^ 
sequestration, or suspension or p^cipi^ion T^e tabllt of thl I '°" °' '=°"'P'9'«tion. or 

builders such as alkali metal orThT Irn f . V °^9^"''= ^^or inorganic 

carbonates, zeolites t^ratef citrates ZLTcLT '^'T''''^''^ hexametaphosphates. silicates, 
5 trates and ethylenediamine L^^s ^2vZ .^^^ carboxymethyloxysuccinates. nitrilotriacetates. ci- 
polyacetates. other organic t? no^Sc b^^^^^^^^^ P^'^-^^'^t^^. Pdymaleates, 

invention may be formulated in subs^^U^^^^^^^^^^^ thereof. The tablets of the 

potassium '.ZZlZ^r^e '^s:^ ZT;/^ T '^r^'"" t^'Po'VPhosphate or sodium or 
' are especially preferred. °' phosphate salts with carbonates and silicates 

AS ^'S^^::^;:^^!:^ z:::'rr'r ---o-- 

SiO,/K.O of from 4:, to l.^mTy be use^^^^^ " ""'^'^ °* ^'O^^^^O -"^'^^ 

nonhydrate. pentahydrate or anhydrous Jl^^JlTL ? ^^^'"^ °* ^^^^^ 

Silicate is used in a Lid form. sucrs^Li^^rH^o.^rersr^^^^^ irbyTa^tir r 
30.:.:%^;™ rSliriorS^ ^e S V'^' or^EZferably from 
the barrier layer and the outer UrpfefeibTy at le J"^^^^ '""^^'^y^^ 

Pur "''^ '° -~ t^e^a^i;" """^ °^ 

.i.uo:"r^;?rh:i:g"c%^^^^^^^^^^ thirthfy'trovide m a wash 

12.5. at a usl concentration^r^ur o'^.! s Jtr bf ^-S to 

cycle- as used in this description refers to either a pZash L^f^ n » '^'"^ "dishwashing 

cycle. The detergent may be as stronolv Tkai nrL > » ' * ^'^""^ ^y"''®' °^ ^ ""^^ «ash 
in the present invention ^e alka!inTso h/f^ ! f. ^""'"^'^ '^S^"^" '^'^^ P^^'^^^^*^ Guilders employed 
order to adjust PH HTw^er^' fte^e^ J^^^^^^^^^ use additional alkaline sources in 

present. ^9®"*^' sodium hydroxide, may be additionally 

th. rans. o( Ire™ about lOO-F B^bT? iTTTnL h « ' -=»' t.mperalu,, 1„ 

rate to p^Vde sequeXl^efease in Ztab^^^^^^ ' t""''!!^ water-solubility or water-swellability 

layer material employed, rnorrpre^ rLblv a 1^^^^^^^ ^' ^°*"''" °' ''a^^er 

mixtures Of liquid ^dUdmaTerrarmarbe lm^^^^ " ^"^^'^^^^ '^°-2^'^>- ^o'id 

The disintegration rate of the barrier layer determines, in part, the length of a time interval between the 
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dissolution of the outer layer and the dissolution of the Inner layer. Ingredients which have a relatively 
slower dissolution rate are employed when a relatively longer time interval is desired between release times 
of two layers (e.g., the outer and the inner layers). Ingredients which have a relatively faster dissolution rate 
are employed when a relatively shorter time interval is desired between release times of two layers. 
5 The disintegration rate of the ingredient at a particular temperature may be studied by compressing the 
ingredient to form a tablet and, subsequently, conducting a tablet disintegration test in a beaker and/or in a 
dishwashing machine. The disintegration test for determining disintegration rates of various ingredients may 
be used as a pre-screening test in choosing suitable ingredients. The test is described in more detail in 
Example 1. 

10 When the ingredient of the barrier layer is a polymer, the polymer is preferably selected from the group 
consisting of a maleic acid/acrylic acid copolymer, a salt of maleic acid/acrylic acid copolymer, ethylene 
maleic anhydride cross-linked copolymer, polyethylene glycol, polyvinyl pyrrolidone, acrylic acid polymer, a 
salt of acrylic acid polymer, carboxymethylcellulose, polyvinylalcohol. cellulose ether and mixtures thereof. 
Preferred polymers for use in the present invention are as follows: 

75 





Polymer 


Trademark 


Supplier 




Maleic acid/Acrylic acid copolymer, sodium salt (MW = 70,000) 


Sokalan CPS 


BASF 




Ethylene Maleic Anhydride cross-linked copolymer <MW = 1 ,000,000) 


EMA-61 


Monsanto 


20 


Polyethylene Glycol Carbide (MW = 7,000-9.000) 


PEG 8000 


Union 




Sodium Carboxy methyl Cellulose (MW= 250.000) 


CMC 7M 


Hercules 




Polyvinyl Pyrrolidone (MW = 700,000) Acrylic acid polymer 


PVP K-90 


GAP 




resin (MW = 4,000.000) 


Carbopol 940 


B.F. Goodrich 



Among soaps, fatty acids and waxes particularly suitable for the barrier layer are calcium salts of long 
chain, i.e. Cia and higher, fatty acids; long chain (Cis and higher) fatty acids and high melting point 
(melting point in the range from lOS-ISO'F, preferably 125-142* F, and at any rte not higher than 150' F) 
weixes. 

The barrier layer which provides the sequential release may be coated with fatty acids, waxes or soaps 
in order to increase the storage stability of the tablet, especially when the tablet contains a source of 
chlorine bleach. A relatively thin coating of fatty acids, waxes or soaps is not considered a separate layer 
herein. Another particularly preferred optional ingredient included in the barrier layer Is a plasticizer. The 
plasticizer may be selected from the group consisting of glycols (glycerol, propylene glycol, hexylene 
glycol, ethylene glycol), sorbitol, glycerin, and mixtures thereof. The amount of the plasticizer is from 0.01 
to 10%. preferably from 0.1 to 5%. 

The particular choice of the ingredient for the barrier layer is determined by the disintegration rate of 
the ingredient at a temperature in the range of from 100*F to about 160*F In an aqueous cleaning 
environment of a dishwashing machine and the time interval necessary to achieve the desired separation in 
release times of the layers separated by the barrier layer. The length of the time interval between the 
release of the outer layer and the release of the Inner layer depends on the particular embodiment of the 
present invention. In the preferred embodiments of the present invention the desired time intervals between 
release times of the inner and outer layers are primarily determined by a time program of a dishwashing 
machine. 

A dishwashing session of a typical domestic dishwashing machine (such as Kenmore®, General 
Electric® or Kitchen Aid®) generally consists of at least prewash, prerinse, main wash and rinse cycles. 

As defined herein, the dishwashing session does not include the drying cycle. The average lengths of 
the prevyash. prerinse. main wash and rinse cycles are on the average from 6 to 14 minutes, from 5 to 9 
minutes, from 11 to 15 minutes and from 6 to 17 minutes, respectively. 

The lengths of of the prewash, the prerinse. main wash and rinse cycles for two typical domestic 
dishwashing machines are as follows: 
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Kitchen AiH ® 


Kenmore ^ 


Prewash 


13.5 


7.5 


Prerinse 


9.0 


6.25 


Wash 


13.5 


13.0 


Rinse 


6.0 


14.75 



42.0 41.5 

The dishwashing session may be 5 to 10 minutes longer if an extra prewash cycle is employed as is 
somet.mes desirable for heavily soiled dishware cleaning. The dishwashing session may also be shorter by 
5 to 10 minutes when the dishware load is lightly soiled. fnoner oy 

According to the first aspect of the present invention, when the desired interval between release times 
^1.1 ! ! ""^^^ '^y®'' ingredient of the barrier layer is 

ahn.?t inrT.^^ "«bl« *s*"te9ration rate in order to provide at a wash liquor temperature of from 

abou 100 F to about 160' F .n a dishwashing machine, from about 1 to about 20 minutes, preferably from 
about 2 to about 9 minutes and most preferably from about 4 to about 6 minutes prior to a release of the 
inner layer ingredient (the time intervals include dissolution of the outer layer as well). Preferably the wash 
liquor temperature is from about 1 30 ' F to about 1 50 • F. y . <»n 

"'L^^^.k' fy^^^"'^ acitl/Tialeic acid copolymer and polyethylene glycol is a preferred ingredient 
employed for the bamer layer according to the first aspect of the invention. The mixture of the polyacrylic 
acid^maleic ac.d copolymer and polyethylene glycol wherein the weight ratio of polyacrylic acid/maleic acid 
copolymer to polyethylene glycol is from about 1:3 to about 3:1. the weight ratio of 1:1 being most 
preferred, ,s the particularly preferred ingredient choice for the barrier layer according to the first aspect of 
the present invention. k ^ 

According to the second aspect of the present invention, when the desired interval between release 

1v!m! >^ Tl^'V-^l"^^ '^y^' ^""^ '°"9- ingredient of the barrier 

ayer is selected which has a suitable disintegration rate in order to provide at a wash liquor temperature of 
from about 100' F to 160- F in a dishwashing machine, from about 6.5 to about 49 minutes, preferably from 
about 6.5 to about 34 minutes and most preferably from about 6.5 to about 24 minutes prior to the release 
of the inner layer ingredient (the time intervals include dissolution of the outer layer as well). Preferably the 
wash liquor temperature is from about 1 30 * F to about 1 50 • F. 

A mixture of the polyacrylic acid/maleic acid copolymer and ethylene maleic anhydride crosslinked 
polymer is a preferred ingredient employed for the banier layer according to the second aspect of the 
present invention. The mixture of the polyacrylic acid/maleic acid copolymer and ethylene maleic anhydride 
crosslinked polymer wherein the weight ratio of polyacrylic acid/maleic acid copolymer to ethylene maleic 
anhydride crosslinked polymer is from about 2:1 to about 10:1. the weight ratio of 6:1 being most preferred 
IS the particularly preferred polymer choice according to the second aspect of the present invention 

The release time intervals also depend on the relative thicknesses of the inner layer, the outer layer and 
the barrier layer. The thicknesses also depend on the overall dimensions of the tablet and. thus, are based 
on the dimensions of the current dishwasher dispensers. The thicknesses may be adjusted by controllinq 
the amounts of the ingredients and the pressure used in making the tablet. 

Thus, in the preferred tablet according to the first aspect of the present invention the thickness of the 
inner layer is about 3 to about 6 mm, the total thickness of the inner layer and the barrier layer is from 
about 6 to about 9 mm. and the total thickness of the inner layer, the barrier layer and the outer layer is 
about 9 to about 13 mm. In the preferred teblet according to the first aspect the diameter of the inner layer 
IS in the range from 8 to 11mm. the total diameter of the inner layer and the barrier layer is in the range of 
from 11 to 15 mm, and the total diameter of the inner layer, the bamer layer and the outer layer is in the 
range of from 28 to 34 mm. ■ 

In the preferred tablet according to the second aspect of the present invention the thickness of the inner 
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layer is about 9 to about 12 mm. the total thickness of the inner layer and the barrier layer is from about 12 
to about 16 mm, and the total thickness of the inner layer, the barrier layer and the outer layer is about 17 
to about 21 mm. In the preferred tablet according to the second aspect the diameter of the inner layer is in 
the range from 14 to 17mm, the total diameter of the inner layer and the barrier layer is in the range of from 
17 to 21 mm, and the total diameter of the inner layer, the barrier layer and the outer layer is in the range of 
from 28 to 34 mm. 

Total length of a dishwashing session (excluding the drying cycle) of domestic dishwashing machines 
generally ranges from about 30 minutes to 55 minutes. Thus, the preferred tablets of the present invention 
disintegrate within 30 to 55 minutes, preferably within 40 to 50 minutes. Although the tablet must 
disintegrate by the end of the dishwashing session or prior to the drying cycle, the tablet may disintegrate 
eariier. 

The tablet according to the present invention preferably includes at least one ingredient selected from 
the group consisting of a detergent-active compound, a source of a chlorine bleach, an enzyme, a source of 
an oxygen bleach and mixtures of these ingredients. Furthermore, according to the present invention, the 
tablet which is formulated to contain a rinse aid in the inner layer necessarily includes a nonionic surfactant 
in the inner layer, the nonionic surfactant functioning as the rinse aid. 

A detergent-active compound employed in the tablets of the present invention may be any detergent 
active compound, such as soaps, synthetic anionic, nonionic, amphoteric detergent surfactants and mixtures 
thereof. Preferably, a nonionic detergent surfactant Is used, especially a low-foaming one. The nonionic 
surfactant description that follows is applicable to all tablets of the invention, including the tablets that 
contain the rinse aid. 

The nonionic surfactant component results in a preparation which has little or no tendency to foam by 
itself or in the presence of a foam-producing food soil. Suitable examples of such nonionic detergent 
surfactants can easily be found in M. Schick "Nonionic Surfactants" (1967). 

Nonionic surfactants include those detergent compounds which contain an organic hydrophobic group 
and a hydrophilic group which is a reaction product of a solubillzing group such as carboxylate, hydroxyl. 
amido or amino with ethylene oxide or propylene oxide or with a polyhydration product thereof such as 
polyethylene glycol. 

Nonionic synthetic detergents can be broadly defined as compwunds produced by the condensation of 
alkylene oxide groups with an organic hydrophobic compound which may be aliphatic or alkyi aromatic in 
nature. The length of the hydrophilic or polyoxyalkylene radical which Is condensed with any- particular 
hydrophobic group can be readily adjusted to yield a water-soluble compound having the desired degree of 
balance between hydrophilic and hydrophobic elements. Illustrative but not limiting examples of the various 
chemical types suitable as nonionic surfactants include: 

(a) polyoxyethylene and/or polyoxypropylene condensates of aliphatic carboxyllc acids, whether linear- or 
branched-chain and unsaturated or saturated, containing from about 8 to about 18 carbon atoms in the 
aliphatic chain and incorporating from 5 to about 50 ethylene oxide or propylene oxide units. Suitable 
carboxyltc acids include "coconut" fatty acids (derived from coconut oil) which contain an average of 
about 12 carbon atoms, "tallow" fatty acids (derived from tallow-class fats) which contain a myristic acid, 
stearic acid and lauric acid. 

(b) polyoxyethylene and/or polyoxypropylene condensates of aliphatic alcohols, whether linear- or 
branched-chain and unsaturated or saturated, containing from about 6 to about 24 carbon atoms and 
incorporating from about 5 to about 50 ethylene oxide or propylene oxide units. Suitable alcohols include 
the "coconut" fatty alcohol, "tallow" fatty alcohol, lauryl alcohol, myristyl alcohol and oleyl alcohol. 
Particularly preferred nonionic surfactant compounds in this category are the "Neodol" type products, a 
registered trademark of the Shell Chemical Company. 

Included within this category are nonionic surfactants having the formula: 



wherein R is a linear, alkyI hydrocarbon having an average of 6 to 10 carbon atoms, R* and R** are each 



RO — (CH2CHO)^(CH2CH20)y(CH2CHO) ^ 



-H 



R" 
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.near alkylhydrocarbons of about 1 to 4 carton atoms, x is an integer from 1 to 6. y is an integer from 4 
1 ? h'. 'V" '"!f^^' ''""^ ^ *° particularly preferred example of this catego^ is sc^^under me 
SLF a'ht . V SLF.18 by the Olln Corporation. New Haven' ?onn Poly "^^^^^ 

mtthlf '^^'"P^^'*^" °* tf^^ above formula where R is a C-C,o linear alkyi mixture. R- and rTJ 

formula- ' ' ^ '^'^^^^^ '^'^ category has me 



70 



^8-10^ (CH^CH^O) ^ ^ 3^ (CH^CHO) H 



75 3 



20 



25 



35 



40 



45 



50 



55 



(c) polyoxyethylene or polyoxypropylene condensates or alkyI phenols, whether linear-or branched-chain 

airs to^i'ut ^ *° ^"^^^^ ^^^^^^ ^^^"^^ incorpora,rng f^ol 

about 5 to about 25 moles of ethylene oxide or propylene oxide 

(d) polyoxyethylene derivatives of sorbitan mono-,dl-.and tri-fatty acid esters wherein the fatty acid 

sorb'an l^cL "^'^ ''^^^^"^^ Polyoxyethylene derivatives are of 

oS^rl • 'nonopalmitate. sorbitan tripalmitate. sorbitan mon- 

os earate sorbitan moncsostearate. sorbitan tristearate. sorbitan monoleate. and sorbitan trioleate 

^rZT . h'"' ^ ^""^ ^ ^'^V'^"^ preferably aboutTo 

ZlT^rVl^c"::^^^^^^^ ^ • ' °^ ' polyoxyethylene chains dependent upon whether they are 

(e) polyoxyethylene-polyoxypropylene block polymers having the formula; 
HO(CH2 CH2 0),(CH{CH3 )CH2 ^(CHz CH2 )cH 

hinr^t".fc V"'^. ^'^1'}^^^'^ ^«"«^«"9 the respective polyethylene oxide and polypropylene oxide 
Of thfSn^w 'T' ^^%P°'V°'*V«'^'V'-e component of the block polymer consLtes aHeast abbu' 
w orn material preferably has a molecular weight of between about 2.000 and 

rSev te avai-rJ'^ "i '° ^""^'^ ""''^"^^ art 

They are avai able for example, under the trademark "Pluronics", a product of BASF Corporation 

nhoc^h T ♦K . . ^""^"'^ surfactants include low-foaming anionics such as dodecyl hydrogen 
Sr^';nT ' "T/ "^ 2-acetamido-hexadecane-1-sulfonate and mixtures thZf 

alkyI d-phenyl ox.de mono- and disulfonates and linear alkali metal mono- and di Cs-m alkyI diphenyl^xide 

ZrTer^Ti T "'f °' °' '^^^^^'"^ surfactants or of surfactants Lm' any of me 

enumerated categones may be used. 

Preferably, me nonionic surfactant employed in the present invention is a solid. Solid surfactants are 

pV^^^\ZT f . ^^'"^^ ^ •^^^'"9 « •"^"'"a P°'"t above 20 'C. 

r so»d?urfaJ^i"mf H r! ' ''^''^^ ^^'^^ ^^'^^^t^* »° be employed is 

wav^ Th,? ^ ^ f ^* 's preferably prepared in particulate form. This can be done in a number of 

.n n,?. ; ''"«'"^*'^ty ^ ""^^ ''^ spray-dried to give surfactant particles. The surfactant 

n particulate form may then be mixed with omer ingredients: me mixture subsequently being compressed 

:^Zrl 1°"' "^^^"'"9 °' present Lentfon. c^ aJsoTctude 

a mixture of surfactant and surfactant-like materials which mixture is solid wimin me above definition Thus 

sJrtTntf "'^f . ^ Examples of solid 

na^ST,?inr^^4"'S « '2 'IT^.o polyoxyethylene emers sold under the trade 

alcThoi. ,1^ H r- • ®- ''"'^"'^^^ incorporated, emoxylated straight chain 

alcohols sold under me trademark Plurofac® ( A-38 and A-39) by BASF Corporation, dialkyi phenox- 

trtralmTr*rr' ''''''^''^ ^-^-^^O ^"^ Polyethoxjiated alcohol solS under 

the trademark Emulphogene® TB-970 by GAF Chemicals Corporation, and polyemylene glycol sold under 
the trademark PEG E-series by Dow Chemical Company. ^ » y a y 
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When surfactants are liquid in character, such may be sprayed onto particles making up the solid 
composition to be compressed. Useful builder salts, for example sodium carbonate, can be effective 
carriers. In the rinse aid-containing tablets of the invention wherein the inner layer includes the nonionlc 
surfactant as the rinse aid, solid acids, such as citric acid, can also be used as the carrier for the liquid 
5 nonionic surfactant. 

The amount of the detergent active compound should be such that detergency and wetting are 
improved and excessive foaming, due to certain proteinaceous soils, is reduced or suppressed. In general, 
the amount is between 0.05% and 15% by weight, in particular, between 0.5 and 10%, and most preferably 
from 1% to 5% by weight of the tablet. The detergent active compound may be distributed between the 
10 outer layer and the inner layer. 

The outer layer of the tablet preferably includes from 10% to 99% of the builder and from 0.5% to 10% 
of the nonionic surfactant. 

When the nonionic surfactant is employed as the rinse aid, the inner layer of the tablet contains the 
nonionic surfactant in an amount from about 1% to about 100%. preferably from about 5% to about 40% 

75 and most preferably in an amount from about 10% to about 30% by weight of the inner layer. The inner 
layer of the tablet formulated to contain the rinse aid may optionally include an organic acid, particularly 
hydroxycarboxylic acid such as citric acid, lactic acid, malic acid and the like. The amount of the organic 
acid is typically in the range of from 1% to 99%, preferably from 60% to 95%, and most preferably from 
70% to 90% by weight of the inner layer. The ratio of the nonionic surfactant rinse aid to the organic acid is 

20 preferably from about 2:1 to about 1 :8. more preferably from about 1 :2 to about 1 :6. 

The tablets of the invention preferably include a source of halogen bleach, particularly chlorine bleach. 
The source of chlorine bleach is typically employed in an amount corresponding to 0.1% to 20%, preferably 
0.5% to 10% by weight of available chlorine. Chlorine bleach greatly improves cleaning performance of the 
dishwashing detergents, in particular their ability to remove stains left by tea, coffee or fruit juices from the 

25 surface of the dishes. Additionally, active chlorine is an excellent sanitizer and germicide. 

Among sources of the chlorine bleach are organic and/or inorganic compounds capable of having their 
chlorine liberated in the form of active chlorine on dissolution in water. Typical examples are alkali metal 
hypochlorites, chlorinated trisodium phosphate, chlorinated sulphonamides. halogenated hydantoins. polych- 
lorocy an urates (usually alkali metal, e.g. sodium or potassium, salts), and mixtures thereof. Suitable 

30 chlorine-releasing agents are also disclosed in the ACS monograph entitled "Chlorine — Its Manufacture, 
Properties and Uses" by Sconce, published by Reinhold In 1962. This book is incorporated by reference. 

The source of chlorine bleach may be included in the outer layer or in the inner layer of the tablets of 
the present invention. When the tablet includes an enzyme and the source of chlorine bleach, the enzyme 
and the source of chlorine bleach are contained in different layers. Preferably, the chlorine bleach is 

35 contained in a layer which is released after a release of a layer containing the enzyme. Thus, if the enzyme 
is included in the outer layer, the source of chlorine bleach is contained in the inner layer. In this manner 
sufficient time is allowed for the enzyme to perform its cleaning function prior the release of the chlorine 
bleach source. 

Although the chlorine bleach is preferred, a source of oxygen bleach may also be included in the 
40 tablets of the invention. Among the oxygen-releasing bleaches, particularly preferred in the present 
invention is a peroxygen salt such as sodium perborate tetrahydrate or monohydrate, percarbonate. 
persilicate, persulfate, dipersulfate and the like. Other peroxygen compounds include perphosphates, 
peroxide and perpolyphosphates. It may also be advantageous to combine such a persalt with a bleach 
activator therefor. 

45 The activators for peroxygen salts are organic compounds which react with the peroxygen salt in 
solution to form an organic peroxygen acid as the effective bleaching agent Numerous examples of such 
activators are known. Preferred activators for use in the present invention are tetraacetylethylenediamine. 
tetraacetylglycoluril. gtucosepentaacetate. xylose tetraacetate, sodium benzoyloxybenzene sulfonate and 
choline sulfophenyl carbonate. 
50 Organic peroxides such as urea peroxide, diperoxydodecanoic acid or lauroyi peroxides may be used. 

The oxygen bleach is employed in the tablets of the present invention in an amount corresponding to 
from about 0.05% to about 10%. preferably from about 0.1% to about 5%, most preferably from about 0.5% 
to about 3% of available oxygen. 

Where also the activator for the bleach is included, the ratio between the peroxygen salt and the 
55 activator lies in the range of from 8:1 to 1:3. preferably 4:1 to 1:2, and most preferably is 2:1. 

Another particulariy preferred ingredient of the tablets disclosed herein is an enzyme. The enzymes 
may be of the amylolytic, proteolytic and lipolytic type or mixtures thereof. The amylolytic enzymes for use 
in the present invention can be those derived from bacteria or fungi. Preferred amylolytic enzymes are 
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5 granules and may have activities from about 2 to 10 Maltose units/milligrarT,. The arDvlolvtic eLvme is 
r^ormalh. .nCuded ir, an amount of from 0.05% to 5% by weight, in particula'r of from 0 Mo T.5% by weTgh ' 

nrnJ..!t ""^^ '''"'"^"'"^ « P'°'^°^y^^ en^'ne. Examples o^ Tul^bL 

proteo ytic enzymes are the subtilisins which are obtained from particular sfrains of B subtiNs ar^d B 
hcheniformis such as those commercially available under the Vade names Maxatase lU^^by GisT 
ZTT> • Alcalase. supplied by Novo Industri A/S. Copenhagen Denm^k 

ITI Lr T"" ^^ ""'^"^'^ '^""^ ^ °f Bacillus having a ma^L? aS 

throughout the pH range of 8-12. being commercially available under-thiirade names of^Z ase a2 
Savmase. sold by Novo Industri A/S. These proteolytic enzymes are generally sold as grtulesTnd maS 
,s ^orir'-'TH^H °' *° 9'^^'"^ units/milligram. The proteolytic enzyme is 

b"weighr " °' *° "^'9ht. in particular of from STo 3% 

Lipolytic enzymes may also be included in order to improve removal of fatty soils from dishes The 
l^polyjic enzymes are preferably included in an amount from about 0.5'/o to about7o%. preferat^y from 

r,r./^t/°f ' """l^"^ °' ^"""^""^ P^«s«"' is from about 0.05 to about 10% 

preferably from about 0.1 to about 5%. most preferably from about 0.5 to about 3% 

A particularly preferred tablet according to the first aspect of the invention (Tablet A) contains the 

enzyme m the outer layer and the source of chlorine bleach in the inner layer. At a wash I quorZperatu^e 

m the range of from about lOO'F to about 160-F in the dishwashing machine, the outer layer ofZ tabiLt 

mfnlTT^h K ^ ^'^'^'"^'^ ' »° 5 most preferaWy w thin i to 3 

minutes. The barrier layer disintegrates within the next 0.5 to 15 minutes, preferably within the next 1 to 4 
minutes most preferably within the next 2 to 3 minutes. Therefore, during the first 1 to 20 mInuS most 

aTse'n'e V^^^^^^^ T'""' *° ^='-"'"9 ^^^^ on drware inTe 

m^nntr °, 1 ! ? "'^'"""^ '"^^^ °' '""^^ '^^^^ within the final 2 to 4 

n 'luL tn , cycle, allowing sufficient time for the chlorine bleach to clean the dishware in 

particular, to remove stains prior to the end of the prewash cycle. In a preferred embodiment of the 

oT«r; ^^Tl''^'' °' ^''^''^ "'■'^"^^ °* P^'y^^^"'^ -•^''^/'^aleic aclTcoiolylr a^d 

polye hylene glycol wherein the weight ratio of polyacrylic acid/maleic acid copolymer to polyXylene 

3s fn^ T H°" '° ""'9''* °^ «-P«-'«"V P^«^«-ed. Tablet A may be 

35 formulated such that the tablet disintegrates within 6 to 13 minutes (or by the end of the prewash cycTe) at a 

dTs*hirg^rr ^^"^ °^ ^° ^^'•^ - — cleanlng^nvironmror: 

fromTi? ^r^"! tf'^ source of chlorine bleach in an amount corresponding to 

40 oy of tht 1 available chlorine, preferably 0.5% to 10% of available chlorine and from 0.05% to 

40 10 /o of the enzyme, preferably from 0.1 to 5%. 

contllr, P^«'«^«d tablet according to the second aspect of the present invention (Tablet B) 

t«mnT.t *".^:^^'"9 composition in the outer layer and a rinse aid in the inner layer. At a wash liquo 

45 mrnuti preferably within the first 1 to 5 minutes and most preferably within the first 2 to 3 

n.H-^^f '^f?'^ t"^^ °* disintegration of the barrier layer of Tablet B depends on the 

?ab «t B TlZTl^ T""^ '^"9th of the dishwashing session and the point of introduction of 

b«n nL!n ^/*h Thus, if Tablet B is introduced in the dishwashing machine at the 
beginning of the dishwashing session: 



25 



30 



55 
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Dishwas hing Session Length rminutes^ 

Kenmore ® Kitchen Aid ® 

Heavy Load Normal Wash Heavy Load Normal Wash 
5 . 49 41.5 52.5 43.5 

Barrier layer 

disintegration 
time lenc^th 

range (minutes) 30.5-46 23-38.5 36-48.5 27-39.5 

10 Barrier layer 
disintegration 
time length 
preferred time 

(minutes) 39 31.5 45.5 36 5 



75 



If, however. Tablet B is introduced at the beginning of the 
mam wash cycle, as is preferred, ^e barrier layer disintegrates 
within 8 to 23.5 minutes (Kenmore , preferably 16.5 minutes 



20 within 8 to 23.5 minutes (Kennnore®), preferably 16.5 minutes (Kenmore®); and within 1.5 to 14 minutes 

(Kitchen Aid®), preferably 1 1 minutes (Kitchen Aid®), 

Therefore, during the first 6.5 to 49 minutes, most preferably during the first 6.5 to 24 minutes, the 

dishwashing detergent is allowed to perform its function, i.e. to clean the dishware. The rinse aid of the 

inner layer is released within the final 2 to 12 minutes, allowing sufficient time for the rinse aid to perform its 
25 function, in particular to minimize spotting and filming, prior to the end of the rinse cycle. Tablet B may be 

formulated such that the tablet disintegrates within 17 to 55 minutes (or by the end of the dishwashing 

session) at a water temperature in the range of from 100 " F to 160* F in an aqueous cleaning environment 

of a dishwashing machine. 

In a preferred embodiment of the present invention, the barrier layer of Tablet B is the mixture of 
30 polyacrylic acid/maleic acid copolymer and ethylene maleic anhydride crosslinked polymer wherein the 

weight ratio of polyacrylic acid/maleic acid copolymer to ethylene maleic anhydride crosslinked polymer is 

from about 2:1 to about 10:1, the weight ratio of 6:1 being most preferred. 

The outer layer of Tablet B preferably includes either the enzyme and the builder or the source of 

chlorine bleach and the builder. The amounts of the enzyme, the alkaline builder, and the chlorine bleach in 
35 Tablet B are as described above. The nonionic rinse aid surfactant and other optional ingredients for the 

rinse aid of Tablet B have been discussed above. 

The tablet according to the present invention may be formulated to combine the features of Tablet A 

and Tablet B. Such tablet releases sequentially the enzyme, the chlorine bleach and the rinse aid at the 

desired time intervals. 

40 The tablets of the invention may. furthermore, contain other useful additives such as enzyme-stabilizing 
agents, reducing bleaching agents such as sodium sulphite, hydrotropes. fillers, perfumes, coloring agents, 
germicides, clays such as hectorites. up to 3% of anti-corrosion agents such as fatty acids, benztriazole and 
so on. Clays assist in reduction of spot formation on glassware and may be present at from 0.1 to 5%. 

Some surfactants tend to over-sud and the tablets of this invention, therefore, may include suds 

45 suppressing agents, typically used in an amount of from 0.001% to about 6%, preferably 0.05% to 3%. 
Preferred suds suppressing agents are silicone materials, particulariy the polydimethylslloxanes having the 
molecular weight within the range of from 200 to 200.000 and higher. Suitable polydimethylslloxanes are 
commercially available from Dow Corning Corporation. Other useful suds suppressing agents include alkyi 
phosphate esters such as monostearyl phosphate and microcry stall ine waxes. 

50 The tablet may be provided with an outer coating. The coating enhances the external appearance and 
feel of the tablet and. additionally, minimizes the possibility of tablet abrasion, and reduces the risk that a 
person handling the tablet comes into direct contact with the relatively alkaline surface of the tablet. A wide 
range of water-soluble coatings is possible, the preferred materials including silicate solution, fatty acids, 
such as tallow fatty acids; fatty alcohols; and polyethylene glycols. Other useful coating materials include 

55 cellulose acetate phthalate. polyacrylates. and mixtures thereof. A wide range of organic film-forming 
polymers can also be used. Examples of organic film-forming polymers include polyvinyl alcohols and 
gelatin. The coating can be applied using any of the well-known procedures for tablet coating. These 
include spraying-on. dipping, passing through a falling curtain of coating material, etc. If desired, coloring 
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45 



50 



55 



material, plasticizers and perfumes can be incorporated into the coating 

about 0.1% to about 1%, usually about 0.5% ^ ° ^" °' 

5 Tablet disintegrating agents promote break-up of tablets and may be employed in the tablets of th« 
present mvent.on. Examples of disintegrating agents include formaldLyde-casein coIoSal ^SLf ITcl 
dS;'s1\"v r^T/'^^^- -9-- a-'^tin. crosslinked'carbo^methytr^^^^ 

Lpro^S^i^^^ — can a Jbe^ use^d. 

the cleaning properties and/or are not totally water-soluble; there is no need to use these auxiliaries in th! 

d^nrerinra^e^;:^^^^^^^^^^^^^ ^ — - ^s.'j-^^'^z:::^ 

Treard ' ''^^^"^^^ ^^-'"9 only when the nit wtsh cycle 

20 orefJrablv oSl^H in'thT"* ""^^ °* t^'^ dishwashing machine but is 

r^nJf K ? ^ dispenser. The invention provides a method of treating dishware v^th deteroent and 
nnse a.d by introducing in the dishwashing machine, preferably placed in a dispen^r the Tnse aiS 

of tht ?n!l K f ^ dishwashmg according to the present invention includes introducing two tablets 
of the invention into the dishwashing machine: the first tablet is placed into the prewash disclZ JnST. 
25 second tablet is placed into the main wash dispenser. Preferably thrtabirri^^eH ?n Th ! 

Sn"" ^'^"'^''"^ *° ''^ °' invent^n L the tabte Ced in thl marS 

dispenser is the tablet according to the second aspect of the invention 

Tablet eTSiri'lf^TH"''*''''' °^^ishwashing involves placing Tablet A in the prewash dispenser and 
.n tn fh I dispenser. Tablet A delivers the enzyme and. subsequently the chlorine bleach 

Sart or the Tn : ^'^r^^'^'"^ Tablet B comes into contact with the wash Hqut Xt"e 

I ! ^"^ ^''^ ''"'"^^^ other optional dishwashing ingrediente ani 

subsequently, delivers the rinse aid. Even with difficult soil, such as for example bumt-o^ Tk or bake^-on 

cTJ^ratwr^ddrs" ^° °^ present^nvention arcLrihL" 

Pres??3?ton?o°uUh'IiH^^^^ ""'"^ ^""^ 3624B-115 X-PRESS Motorized Hydraulic 

p^chafed from Sp1?^nH r ^ i""*""*."'' ^"'^ ^"^^''^ ^^^^^^ble pellet dies 

S^vrnn! 1 'ndustnes and Anes Co. Pharmaceutical tableting machines such as Bk:otta and 

makiS tS''''r ""'^^ Engineering can also be used. The preferred mmhod o, 

making tablets involves successive compressing steps by using the SPEX machine, as follows- 
*o a) preparing a first mixture including at least one ingredient of the tablet- 

S ^l! ^"^ ""^'^ ^ ^"^ compressing the mixture to obtain the inner layer; 

c) p eparing a second mixture including a suitable ingredient for the barrier layer- 

2 Me: °' '"^ '"''^"'^ ' '''^ •^^^'"S « '«^9«^ ^'^«t«r than 

(e) placing the compressed inner layer In the second die 

mirrfand^hrir"''.^ portion of the second mixture in the second die and compressing the second 
m«rture and the inner layer to obtain an intermediate tablet composed of the inner layer and the barrier 

(g) preparing a third mixture including at least one ingredient of the tablet- 
(i) placing the intermediate tablet in the third die; 

^IJ'T'"^, ^^"^ remaining portion of the third mixture in the third die and compressing the third mixture 
and the intermediate tablet to obtain the tablet. mixrure 

abovl" Smouoh'tL^ ir"'°"' ^ ^ by the process described 

?eTe:;eZ:^urr:ar^^^^^^^ "'-"^-^"■"9 ^' ^^'^^^ °^ 'mention, the 
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Pressure (kg/cm^) 


Tablet A 


Tablet B 


inner layer 
barrier layer 
outer layer 


2.300-18.000 
3,425-10,300 
600-1.800 


900-7,000 
1,600-4.800 
600-1,800 



For making Tablet A pellet dies having diameters of 10mm, 13mm and 31mm are preferably used. For 
70 making Tablet B pellet dies having diameters of 16mm, 19mm and 31 mm are preferably used. 

In order to form the tablet, preferably at least 50% of the ingredients, most preferably at least 80% are 
solid. 

To improve the mechanical strength and increase the disintegration rate solid materials included in the 

tablet of the present invention are preferably in a granular form, the size of granules being in the range from 
75 about 300 microns to about 2,000 microns, preferably from about 1,000 to about 1,500 microns. Although it 

is not necessary that all ingredients of the tablet are in the granular form, preferably at least major 

ingredients of the tablet such as phosphate, silicate, the polymer of the barrier layer, the solid nonionic 

surfactant, the enzyme and the chlorine bleach source are in the granular form. 

Liquid materials may be either blended with the granules or sprayed on the granules. 
20 Some difficulties may be encountered with regard to release of tablets from the dies. These can be . 

overcome by covering the die with release or lubricating agents such as calcium stearate, talcum powder, 

siliconized talcum, stearic acid, paraffins and mixtures thereof. 

Tablets weighing from 5 grams to 50 grams are preferred. Larger tablets are generally more prone to 

break and. in addition, can only be formed at relatively low speeds, thus reducing output. With smaller 
25 tablets, the advantage over granulated or powder-form detergents in terms of handling would be reduced. 

As described above, the size of the tablets is also controlled by the size of the dishwashing machine 

dispenser in accordance with the preferred method of use of the dishwashing tablets according to the 

present invention. 

The following examples illustrate the dishwashing tablets of the present invention and methods of use of 
30 the tablets. 

EXAMPLE 1 ^ 
Disintegration Rate of Polymers 

35 

The disintegration rate of various polymers and polymer mixtures was tested. Polymers that were tested 
are listed in Table 1. 



40 TABLE 1 

POLYMER COMPOSITIONS 

Composition A B C D E F 

Sokalan CP-5 
Polyacrylic acid-maleic 

Acid copolymer 100 50 - - 75 85 • 7 

PEG 8000 

50 Polyethylene glycol - 50 lOO - _ - 

EMA-61 

Ethylene maleic anhydride 

cross-linked polymer - - - 100 25 14.3 

55 



I. Disintegration of a Polymer Tablet in a Beaker 
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tAcl^Vl!^^^^^^^ "''^ " ' "'^^^ --9ht Of the tablet of yellow dye 

[FiCio YsNow # 17) and the resulting mixture was tableted under a oressum nf rrrq u^y y« now aye 

polymer tablets having a diameter of 13 mm. a thickness o, 7 mm and a we ght o, 1 9 gram^ 
5 B One^?tL^f Srj' '^^'^^ ^ ^'^^^^ ^--^^^ »° ^procedure- 

onJl^^T!^^?"^ °* ""y® ''^Onm was recorded at time = 0.25 0 50 0 75 1 00 1 -^-^ i ft7 

5 The results that were obtained are Illustrated by FIG. 4 and FIG 5 fi lo - F anrt i^n • 

11. Disintegration of a Polymer Tablet In a Dishwashing Machine 

(Acid Yellow #77"; Z7*^f°" T"" " ^""^ ' "'"'"^ °^ tablet of yellow dye 

The disintegration of the polymers was tested directly in a dishwashing macWne (Kitchen Aid®) 

3imrnrr:it!:t^-Lrora:^^^^^^^^^^^ 

minutes. The expenment ended at 21 minutes or upon total disintegration of the tabli/wf^heve/occu' ed 
The results that were obtained are illustrated by FIG 6 

suitahl Ln ri!'"^ ^^^^ * ^"'^ '^^'"^"^^ates that the Composition B polymer is a particularly 

1°' ^""P" I^O- «) "luslrales th.l all tested tablets dislwegtated faster In a dish«.shlm 

r:e%rp:sL'?ti;.s;';i,r " ^ — - s 

EXAMPLE 2 

Preparation o f a Tablet Containing a Chlorine Bleach and an Enzyme 

SPElcA?^lSn!I« "^T"" """^ ^''^ 36248-115 X-Press motorized hydraulic press (35 ton) and 
SPEACAC stainless steel evacuable pellet dies (sizes 10. 13 and 31mm) 

pellet die'^^JifnT ^''""^ '"^^"'^ compound (Na-dichlorolsocyanurate) was added to a 10mm 

r:e^^Ire"hrg^^^prsL^1 -re^ -'-^ '° ^ 
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3) 0.5 grams of the polymer mixture was placed into a 13mm pellet die. The bleach inner layer was 
centered directly on top of the polymer mixture. An additional 0.4 grams of the polymer mixture were 
placed over the bleach inner layer. The 13mm die was then compressed under a pressure of 6852 
kg/cm^ to give an intermediate tablet, composed of the inner layer and the barrier layer, of about 7.5mm 

5 thickness. 

4) The following mixture was prepared (all percentages are by weight of the mixture): 
Outer Layer Mixture (% by weight of the mixture): 

35% Sodium Tripolyphosphate 

14% Sodium Carbonate 
10 20% Sodium Silicate (H24) 

5% Sokolan CP5 

3% Nonionic Surfactant 

13% Sodium Citrate 

2% a-Amylase 
75 2% Protease 

to 100% Water 

5) 12 grams of the mixture prepared in step (4) were placed in 31 mm die. The intermediate tablet 
obtained in step (3) was centered directly on top of the mixture. Additional 11 grams of the mixture 
prepared in step (4) were placed over the intermediate tablet. The 31 mm die was then compressed 

20 under a pressure of 1200 kg/cm^ to obtain the tablet of the invention. The tablet had a thickness of 19 
mm, a diameter of 31 mm and a weight of 24.9 grams. 

EXAMPLE 3 

25 Preparation of a Tablet Containing a Dishwashing Detergent and a Rinse Aid 



Two tablets are prepared following the procedure outlined in Example 2, except different ingredients are 
used to make the inner layer, the barrier layer and the outer layer. 

The composition of two tablets of this Example varies only in composition of the outer layer. The 
30 composition is as follows: 
Inner Core: 

0.80 gram Citric Acid and 0.20 gram Nonionic Surfactant Polymer Mixture for a Barrier Layer: 
0.77 gram Sokalan CPS and 0.13 gram EMA (6:1 wt. ratio) 
(Composition F from Table 1) 



Outer Layer of Tablet 1 : 

A mixture containing by weight percent of the mixture: 

40 



33. 


0% 


Na Tripolyphosphate 


11. 


0% 


Na Carbonate 


20. 


0% 


Na Silicate (H24) 


4. 


0% 


Sokalan CPS 


3. 


0% 


Nonionic Surfactant 


17. 


0% 


Perborate 


2. 


5% 


TAED bleach activator 


2. 


0% 


a-Amylase 


2. 


0% 


Protease 


to 


100 


Water 


23 


greons 


Total 



55 
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10 



75 



20 



Outer Layer of Tablet 2: 

A mixture containing by weight percent of the mixture 
^^•0* Na Tripolyphosphate 

Na Carbonate 
2^-0% Na Silicate (H24) 
^•0* Sokalan CPS 
^•5* Nonionic Surfactant 
^•0% CDB-56 
100 Water 



23 grams 



Total 



EXAMPLE 4 



25 



Preparation of a Tablet Containing a Dishwashing Detergent and a Rinse Aid 



30 



35 



40 



45 



SO 



55 
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10 



75 



20 



25 



30 



35 



40 



Compos ji,ti,on % by Weight: Weight: (grams) 

(of the layer) 

a» Inner Layer 

citric acid 80*0 

SLF-18 nonionic surfactant 20.0 0.75 

Total weight = 3.76 grams 

b. Barrier Layer 

Na-polyacrylate 85,7 2,56 

Ethylene maleic anhydride 14.3 0,43 

Total weight = 2.99 grams 

c. Outer Layer 

Na-tr iphosphate 35.0 6.30 

Na-carbonate 11.5 2.07 

Na-silicate 29.0 5.22 

Na-polyacrylaite 8.0 1.44 

SLF-18 nonionic surfactant 4.5 0.81 

Na-dichloroisocyanurate 6.0 1.08 

Water 6.0 1.08 

Total weight — 18.0 grams 

Processing 

I. Preparation of the inner layer mixture: 



A. Incorporating a liquid surfactant 

1. Heat the surfactant if necessary, to lower the viscosity. (If SLF-18 is used the surfactant needs to be 
45 heated to about 1 40 • F.) 

ii. Add citric acid (80% by wt.) to a granulator. The granulator may be any type of granulating unit, 
such as a horizontal mixer, a rolling drum, a laboratory O'Brian unit etc. The acid is stirred at about 
70 rpm. 

iii. Spray the surfactant onto the citric acid. 

50 iv. Apply hot air (about 150 * F) with a hot air blower. 

V. Continue mixing until dry (about 15 minutes for 100 pound batch). 

B. Incorporating a solid surfactant (either powder or granule): 

A solid surfactant may be used by itself. Alternatively, a mixture of the solid surfactant and another 
ingredient such as hydroxycarboxylic acid may be prepared. When the mixture is prepared, ideally both 
55 ingredients are the same size to decrease segregation. 
The mixture may be prepared as follows: 
i. Add citric acid and the solid surfactant to a mixer. Any mixer such as a Schugi mixer, rolling drum. V 
blender is suitable. 
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20 



25 



ii. Mix until uniform (about 10 minutes for 100 pound batch). 
Tablet Preparation: 



nrJf ^iT,«nV f 'T' '^^^^ ^'^^ ^'^'^^ a 16 mm pellet die. This die is compressed under a 
rComLlfn r )? rVZ ' ^'f"* °' " ♦^''^'^''^^^ »° ^l^*^- - tablet. 1.66 grams 

on?orof th! n r ^ ^ ' i " ^'^'^ ^ '"'^ P^""* ■^'^^ ^^blet Is centered dfrect.y 

tabS ^il T'T ^ '-'^ ^^""^^ °* '"''^"^^ P'-'^^d the rinse a J 

If lbo.I t " ^^'^P^^^^^d under a pressure of 3200 kg/cm^ to give an intermediate tablet 

of abom 14 mm th.ckness. 9.4 grams of the outer layer mixture is introduced into a 31 mm die The 
m ermed.ate tablet ,s centered directly on top of the alkaline detergent mixture. An additional 8.6 grams of 

rim tn^ " ^ 'k! ''^ r^^^-^^^'^t^ t^^'^t- The die is then compressed under a pressure of 1200 

kg/cm- to give a tablet having a thickness of about 1 9 mm and a diameter of about 31 mm 



75 EXAMPLE 5 



The performance of the tablet of the present invention prepared in Example 2 (composition 3) was 
compared w^h the performance of the tablet (composition 2) which Is not within the scope of the present 
.nven..on and w,th the performance of a commercial granular dishwashing detergent (composit^n ! Te 

chZnf N= ^ ^'^ an enzyme and a sou ce o' 

^^ruZ\ Commercial granular dishwashing detergent included a source of chlorine bleach but 

lacked an enzyme. Same amount of dishware was used in washing with composition 1. 2 or 3 Wash 
conditions were: 135' F and tap water (about 120 ppm hardness). Soil conditions were: approximately 0 75 
cream of wheat per plate applied by spray gun, stored overnight at room temperature/humidity 

Compositions 1. 2, and 3 were as summarized in Table 2. The compositions were used by adding the 

t'heT; ;^"tH wash liquor at the time when the dispenser cup opened (i.e.. one to two minutes after 
the start of the majn wash). 



30 
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TABLE 2 

DIFFERENT COMPOSITIONS OF AUTODISH DETERGENT IN 

% BY WEIGHT 



COMPOSITION 



10 



75 



20 



25 



30 



35 



(Granular Form) 



Outer Layer 
Na-triphosphate 
Na-carbonate 
Na-silicate 
Na-sulf ate 

Na-dichloroisocyanurate 



31.5 
23.4 
7.8 
22. 2 

1.7 
3.0 



dihydrate 

Condensate of ethylene 
oxide and propylene 
oxide straight chain 
fatty alcohol 

Na-polyacrylate 
(Sokalan CP-5) 

Na-citrate - 

a-amylase - 

Protease - 

SLF-18 nonionic 
surfactant - 

Water 10 . 7 

Weight (grams) 30.0 

Pressure (kg/cm^) 



(Mixed 
Tat?;^t} 



33 
13 
19 



4.0 



6.45 
12.5 
1.9 
1.9 

2.75 
5.5 
24.9 
1200 



(Sequential 
Release Tablet) 
(% by weight of the 
layer) 



35.0 
14.0 
20.0 



5.0 
13. 0 
2.0 
2.0 

3.0 
6.0 
23.0 
1200 



40 



45 



50 



55 
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TABLE 2 fcont:inii^) 



CQMPOSITJ OM 



(Granul ar Foi-m) 



(Mixed 
Tablets 



10 



75 



20 



25 



30 



b. Barrier z^y e^r 

Na-polyacrylate 
(Sokalan CP-5) 

Polyethylene glycol 

Weight (grams) 

Pressxir e ( kg/ cm^ ) 

c. Inne r Layer 

Na-dichloroisocyanurate 
dihydrate 

Weight (grains) 



(Sequential 

Releas e Tahiti-) 
(% by weight of the 
layer) 



50.0 
50.0 
0.9 
6852 

100 
1.0 



Density (g/crn^) 
Amount of starch soil 
remaining (%) 



0.9 



88.3 



Glass Appearance 
Spotting/ filming 
0/0 = no spots/no film 
4/5 = glasses completely 

covered/chalky 0. 5/1. o 



1.7 
25.6 



0.5/1.5 



1.7 
5,1 



0.5/1.5 



35 



40 



45 



Starch soil removal accomplished by compositions 1, 2 and 3 is Illustrated by FIG 7 

This Example demonstrates that although it is not within the scope of the present invention, the tablet 
contammg enzymes and chlorine (Composition 2) removes a greater amount of starch soil than the granular 
autodish detergent (Composition 1) lacking enzymes. Even more importantly, the sequential release tablet 
according to the present invention (Composition 3) removes a substantially larger amount of starch soil than 
either Composition 1 or Composition 2 which are not within the scope of the present invention 

Excellent performance of the composition 3 tablet of the present invention in cleaning dishware so 
. ^^'"^ '^'^^^^ sequentially the enzyme and the chlorine bleach, so 

that the dissolution of the chlorine bleach is separated in time from the dissolution of the enzyme 

Spotting and filming tests were conducted according to the test procedure as described in the 1989 
Annual Book of ASTM Standards, vol. 15.04. Test D3556 - 85. Slightly better filming scores were obtained 
tor Composition 1 , which may be due to the composition's higher solubility. 

The trademarks and the suppliers of the ingredients utilized in the Examples of this description are as 
rollows: 



50 
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Ingredient 


Trademark 


Supplier 


oouium 1 ripoiypnoopriaie 


o 1 rK 


Monsanto Corp. 


iNuriiuitio ouriaoioiii 


CI C i Q 

oLr-i o 


Clin Corp. 


iNd'LJicriioroioCicyciiiUi ciit? uiiiyurciio 


f^r\o CCS 


Olln Corp. 


Sodium citrate 


Sodium citrate 


Miles. Inc. 


Protease A/S 


Savinase 


Novo Industri A/S 


Amylase 


Termamyl 60T 


Novo Industri A/S 


Sodium silicate 2:1 


Britesil H20 


PQ Corp. 


Sodium silicate 2:4 


Britesil H24 


PQ Corp. 


Sodium Carbonate 




FMC Corp. 


Citric acid 




Miles, Inc. 


Maleic acid/Acrylic acid copolymer, sodium salt (MW = 70,000) 


Sokalan CPS 


BASF 


Ethylene Maleic Anhydride cross-linked copolymer (MW = 1 ,000,000) 


EMA-61 


Monsanto 


Polyethylene Glycol (MW= 7,000-9,000) 


PEG 8000 


Union Carbide 



Unless otherwise indicated all percentages are by weight of the tablet. 

It should be understood, of course, that the specific forms of the invention herein illustrated and 
described are intended to be representative only, as certain changes may be made therein without 
departing from the clear teachings of the disclosure. Accordingly, reference should be made to the following 
appended claims in determining the full scope of the invention. 

Claims 

1. A machine dishwashing detergent tablet comprising 

a) an inner layer; 

b) a barrier layer surrounding the inner layer; 

c) an outer layer surrounding the barrier layer; 

wherein the total amount of ingredients in the inner layer, the barrier layer and the outer layer is such 
that the tablet comprises 

a) about 10% to about 99% of a builder, and 

b) an amount of an alkaline source sufficient to provide a pH of a 0.1% solution by weight of the 
tablet of greater than 9.0 during a dishwashing cycle of a dishwashing machine; 

and wherein the disintegration rate of the barrier layer at a temperature in the range of from about 
100'F to about 160*F in an aqueous cleaning environment of a dishwashing machine, and the relative 
thicknesses of the inner layer, the barrier layer and the outer layer are such that: 

(i) the tablet provides sequential release of the ingredient of the outer layer and the ingredient of the 
inner layer in the aqueous cleaning environment of the dishwashing machine, and 

(ii) all layers of the tablet disintegrate -in the aqueous cleaning environment of the dishwashing 
machine by the end of a dishwashing session. 

2. The tablet of claim 1 wherein the tablet further comprises a source of chlorine bleach. 

3. The tablet of claim 2 wherein the source of chlorine bleach is contained in the inner layer. 

4. The tablet of claim 2 wherein the amount of the source of chlorine bleach corresponds to from about 
0.1% to about 20% of available chlorine. 

5. The tablet of claim 2 wherein the source of chlorine bleach is selected from the group consisting of 
alkali metal hypochlorites* chlorinated trisodium phosphate* chlorinated sulphonamides, chlorinated 
hydantoins, chlorinated cyanuric acids, salts of chlorinated cyanuric acids, polychlorocyan urate and 
mixtures thereof. 

6. The tablet of claim 1 wherein the tablet further comprises an enzyme. 

7. The tablet of claim 6 wherein the enzyme is contained in the outer layer. 

8. The tablet of claim 6 wherein the amount of the enzyme is from about 0.05% to about 20%. 
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9. The tablet of claim 6 wherein the enzyme is selected from the group consisting of lipases, amylases 
proteases, and mixtures thereof. ciM,y,aaea. 

10. The tablet of claim 1 wherein the tablet further comprises a detergent active compound in an amount of 
about 0.05% to about 15%. 

11. The tablet of claim 1 wherein the tablet further comprises a source of oxygen bleach in an amount 
corresponding to from about 0.05% to about 10% of available oxygen. 

12. -me tablet of claim 1 wherein the disintegration rate of the barrier layer and the relative thicknesses of 
the inner layer, the barrier layer and the outer layer are such as to afford, at water temperature in a 
range from about 100'F to about 160-F. in the aqueous cleaning environment of the dishwashing 
machine, from about 1 to about 20 minutes prior to release of the inner layer ingredient. 

13. The tablet of claim 12 wherein the barrier layer comprises an ingredient selected from the group 
consisting of a water-soluble polymer, a water-swellable polymer, a mixture of water-soluble polymers 
a mixture of water-swellable polymers, a fatty acid, a soap, a wax and mixtures thereof. 

14. The tablet of claim 12 wherein the tablet is of a cylindrical shape and the diameter of the tablet is about 
26 mm to about 36 mm, and the thickness of the tablet is about 14 mm to about 24 mm. 

15. The tablet of claim 12 wherein the thickness of the inner layer is about 3 mm to about 6 mm and the 
total thickness of the barrier layer and the inner layer is about 6 mm to about 9 mm. 

16. The tablet of claim 13 wherein the barrier layer contains a plasticizer. 

The tablet of claim 13 wherein the barrier layer comprises the polymer selected from the group 
consisting of a maleic acid/acrylic acid copolymer, a salt of maleic acid/acrylic acid copolymer 
ethylene maleic anhydride cross-linked copolymer, polyethylene glycol, polyvinyl pyrrolidone an 
acrylic acid polymer, a salt of acrylic acid polymer, carboxymethylcellulose. polyvinylalcohol cellulose 
ether and mixtures thereof. 



17. 



35 



18. The tablet of claim 17 wherein the polymer is a mixture of a polyacrylic acid/maleic acid copolymer and 
polyethylene glycol. 

19. The tablet of claim 18 wherein the weight ratio of polyacrylic acid/maleic acid copolymer to polyethyl- 
ene glycol is about 1:3 to about 3:1. 

20. The tablet of claim 1 wherein the outer layer comprises about 10% to about 99% of a builder and from 
40 0.05% to 15% of a detergent-active material. 

21. The tablet of claim 1 wherein the builder is selected from the group consisting of alkali metal ortho- 
pyro and tnpolyphosphates and hexametaphosphates. silicates, carbonates, zeolites, borates, citrates 
oxydisuccinates. carboxymethyloxy sued nates, nitrilotriacetates. citrates and ethylen^iamine- 

45 tetraacetates, polymeric polyelectrolytes. and mixtures thereof. 

22. A machine dishwashing detergent tablet comprising 

a) an inner layer comprising an ingredient selected from the group consisting of a nonionic 

surfactant and a mixture of the nonionic surfactant with an organic acid; 
5° b) a barrier layer surrounding the inner layer; and 

c) an outer layer surrounding the barrier layer; 
wherein the total amount of ingredients in the barrier layer and the outer layer is such that the tablet 
comprises 

a) about 10% to about 99% of a builder, 

b) an amount of an alkaline source sufficient to provide a pH of a 0.1% solution by weight of the 
tablet of greater than 9.0, during a dishwashing cycle of a dishwashing machine; 

and wherein the disintegration rate of the barrier layer at a temperature in the range of from about 
TOO - F to about 160- F in an aqueous cleaning environment of a dishwashing machine, and the relative 
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thicknesses of the inner layer, the barrier layer and the outer layer are such that: 

(i) the tablet provides sequential release of the ingredient of the outer layer and the ingredient of the 
inner layer in the aqueous cleaning environment of the dishwashing nnachine; 

(ii) alt layers of the tablet disintegrate in the aqueous cleaning environment of the dishwashing 
5 machine by the end of a dishwashing session. 

23. The tablet of claim 22 wherein the amount of the nonionic surfactant in the inner layer is about 1% to 
about 100% by weight of the inner layer. 

70 24. The tablet of claim 22 wherein the outer layer comprises about 10% to about 99% of the builder, and 
further comprises a source of chlorine bleach in an amount corresponding to from about 0.1% to about 
20% of available chlorine. 

25. The tablet of claim 22 wherein the organic acid is a hydroxycarboxylic acid. 

15 

26. The tablet of claim 22 wherein the outer layer comprises about 10% to about 99% of the builder and 
about 0.05% to about 20% of the enzyme. 

27. The tablet of claim 22 wherein the disintegration rate of the barrier layer and the relative thicknesses of 
20 the inner layer, the barrier layer and the outer layer are such as to afford, at a water temperature in the 

range of from about 100'F to about 160*F in the aqueous cleaning environment of the dishwashing 

machine, from about 6 to about 44 minutes prior to release of the ingredient of the inner layer.- > 

28. The tablet of claim 27 wherein the tablet is of a cylindrical shape and the diameter of the tablet is about 

25 26 mm to about 36 mm, and the thickness of the tablet is about 16 mm to about 22 mm. ^ 

29. The tablet of claim 27 wherein the thickness of the inner layer is about 9 mm to about 13 mm, and the 

total thickness of the barrier layer and the inner layer is about 12 mm to about 16 mm. ,» 

30 30. The tablet of claim 27 wherein the barrier layer comprises an ingredient selected from the group ^ 
consisting of a water soluble polymer, a water-swellable polymer, a mixture of water soluble polymers, 
a mixture of water-swell able polymers, a fatty acid, a soap, a wax and mixtures thereof. 

31. The tablet of claim 30 wherein the barrier layer comprises the polymer selected from the group 
35 consisting of a maleic acid/acrylic acid copolymer, a salt of maleic acid/acrylic acid copolymer, 

ethylene maleic anhydride cross-linked copolymer, polyethylene glycol, polyvinyl pyrrolidone, an 
acrylic acid polymer, a salt of acrylic acid polymer, carboxymethylcellulose, polyvinylalcohol, cellulose 
ether and mixtures thereof. 

40 32- The tablet of claim 31 wherein the polymer of the barrier layer is a mixture of polyacrylic acid/maleic 
acid copolymer and ethylene maleic anhydride. 

33. The tablet of claim 32 wherein the weight ratio of polyacrylic acid/maleic acid copolymer to ethylene 
maleic anhydride is about 2:1 to about 10:1. 

45 

34. A method of dishwashing comprising placing the tablet of claim 1 in a dishwashing machine. 

35. The method of claim 34 wherein the tablet of claim 1 Is placed in a dispenser of a dishwashing 
machine. 

50 

36. A method of dishwashing comprising placing the first tablet of claim 1 in a prewash detergent 
dispenser of a dishwashing machine and the second tablet of claim 1 in a main wash dispenser of a 
dishwashing machine. 

55 37. A method of dishwashing comprising placing the tablet of claim 12 in a prewash detergent dispenser of 
a dishwashing machine. 

38. The method of claim 37 further comprising placing the tablet of claim 22 in a main wash dispenser of a 
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dishwashing machine. 

39. The method -of claim 37 further comprising placing the tablet of claim 27 in a main wash dispenser of a 
drshwashing machine. p^'ioci ui d 
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FIG.1 
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